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Practical Context: This project is multidisciplinary as it studies interactive visualisation applied to collaborative
systems engineering activities from an anthropocentric viewpoint. The conceptual design phase is highly critical when
developing new engineered large-scale systems. Indeed, decisions made during concept development establish a cost
commitment of approximately 70% of a project life cycle cost. With the widespread adoption of digital and model-based
systems engineering approaches, the preliminary design of complex systems (e.g., aircraft, spacecraft, nuclear
powerplant, etc.) is a transdisciplinary computer-mediated co-design activity involving various stakeholders, each with
their expertise, concerns, and mental schemas. Advanced interactive visualisation capabilities are well established for
detailed design activities (e.g., digital mock-up design reviews, maintenance operation training, ergonomic postural risks
evaluation). However, when collaborating on early conceptual engineering activities, stakeholders communicate with
poorly designed esoteric visual notations — mainly static 2D diagrams — encoding engineering concepts. In two recent
PhD theses [Wang, 2024; Romero, 2022] on the VISION-R platform at G-SCOP, we invented immersive virtual
environments based on 3D visuals rather than 2D diagrams to co-design engineered systems. The research and
development team of the ANR Joint Research Lab MIMESIS? is extending these virtual environments so that designers
can collaborate via heterogeneous 2D and 3D —immersive or not — interactive visuals displayed through four modalities:
the multitouch CAVE Angul-R®, HMDs, a multitouch Powerwall, and a conventional PC-keyboard-mouse set-up.

Research Gap & Question: Our previous research explored the potential of VR and 3D visuals for
transdisciplinary conceptual mediated co-engineering activities. A major limitation of these contributions and the
literature, in general, is the lack of understanding of visual metaphors' influence on the cognitive and collaborative
activities of the members involved in these preliminary co-design activities. In response to the research gap, the research
guestion to be further developed is: How do visual metaphors influence the cognitive and collaborative activities of
stakeholders involved in transdisciplinary conceptual mediated co-design activities?

Scientific objectives: The aim of this thesis is threefold. First, the fundamental objective is understanding how
interactive visual representations influence the cognitive and collaborative activities of stakeholders involved in co-
design activities. Second, a methodological aim is to propose a protocol for evaluating visual metaphors and metrics for
measuring cognitive and collaborative activities in a transdisciplinary computer-mediated co-design activity. Third, the
final goal is to develop ergonomic recommendations that provide concrete, actionable guidance for designing and
evaluating virtual metaphors and ease the adoption of interactive visualisation in collaborative conceptual design phases.

Approach / Challenges / Originality: \We propose a two-step approach combining an experimental approach
and an ecological approach to reach these scientific objectives, each using objective methods (behavioural observations,
trace analysis) and subjective methods (interviews, questionnaires, self-confrontations). On the one hand, the PhD
candidate will design controlled experiments to compare the different interactive visualisation modalities, including
2D/3D, symbolic/iconic, and stereoscopic/monoscopic modalities, using the up-to-date multi-modal collaborative
virtual environments developed at G-SCOP. On the other hand, the candidate will conduct studies with professional
systems engineers on real-world case studies to investigate the influence of these metaphors on co-design activities. We
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will use the Joint Research Lab MIMESIS Community Hub to recruit professional systems engineers, which gathers
experts from Airbus Commercial Aircraft, Ariane Group, Axone, and clients from our partner and VR editor, SkyReal.

The originality of the proposal is the transdisciplinary approach that aims to break the silos between visual perception,
cognitive ergonomics, and mediated co-engineering design activities, which motivated the joint research proposal. The
expected contribution to knowledge is understanding how visual representations influence the cognitive and
collaborative activities of stakeholders involved in co-design activities. Second, a methodological objective is to propose
a protocol for evaluating visual metaphors and indicators for measuring cognitive and collaborative activities in a
transdisciplinary computer-mediated co-design activity. The expected contribution to practice includes the ergonomic
guidelines and the acceptance of interactive visualisation in the collaborative conceptual design phase by system
architects and the heterogeneous set of stakeholders contributing to the conceptual co-design activities.

Positioning regarding the literature, as well as the priority themes of the PC: This research
project aims to improve the current body of knowledge on visual notations for conceptual modelling [Moody, 2009;
Mendling, 2009; Green, 2016; Kim, 2000], for which systematic analyses have yet to be performed to assess the theories’
efficacy in practice [Van Der Linden, 2019]. The literature on Computer-Supported Cooperative Work [Brisco, 2020;
Burkhardt, 2009; Spada, 2005] and the acceptance of interactive visualisation technologies [Sagnier, 2020] will also be
central to this project. However, the literature on visual metaphors and computer-mediated collaboration in engineering
design emphasises that the genericity of existing guidelines hampers their domain applications. Therefore, the research
also intends to tailor them to conceptual co-engineering design activities. Finally, the willingness to measure the
influence of visuals on engineers' cognitive and co-design activities will require building a proposal on existing
ergonomic concepts, such as operative images, environmental capacitance, mental load, collective decision-making, etc.

Regarding eNSEMBLE, this project is at the crossroads of PC 1, theme 1, “Diversity of interaction devices/modalities
for heterogeneous collaboration spaces” and PC 5, themel, “Methods and tools for measuring impact of collaboration”.
The expected contributions are more on the methods and tools to measure the influence of visual metaphors on human
cognitive processes and activities. Therefore, we apply to the theme 1 of PC5.

Project organization, duration, milestones: Starting in October 2024, the project will last 36 months.
The first year will be dedicated to reviewing the literature and developing testable hypotheses on the influence of visual
metaphors on cognitive and co-engineering design activities. During this phase, the number of uncontrolled sources of
variation will be limited to increase the internal validity or accuracy of answers. At the end of the second year and during
the third year, the candidate will put the recommendations to the test on real-world conceptual mediated co-engineering
design situations, increasing the external validity or breadth of research questions.

Partnership: Two complementary co-supervisors propose the joint research project. Emilie Loup-Escande, Full
Professor at the Center for Research on Psychology: Cognition, Psyche and Organizations, University of Picardy Jules
Verne, will share her expertise on cognitive ergonomics and the acceptance of emerging technologies such as VR.
Romain Pinquié, Associate Professor at G-SCOP UMR CNRS, UGA-Grenoble INP, will support the candidate on the
interactive visualisation aspects and collaborative conceptual co-engineering design activities, methods, and tools.
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